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As an example, differences in PPD and NPD, for 3D-CRT and 
IMRT in low and high energies, are shown in the table. Taking 
into account leakage, field size and MU, an average increase 
in PPD values of 8.6% and 12.6% has been obtained for Varian 
and Elekta linacs with respect to Siemens, when considering 
for the here studied 3D-CRT treatment in 6 MV. However, a 
decrease in 19% was noticed when using FFF mode.  
 
 
Conclusion: Lower PD in SBRT cases could be due to the 
smaller size of ITV vs. conventional PTV. Our results are in 
agreement with previous clinical studies [4]. Additionally, we 
have quantified the advantage of reduced PD when using FFF 
mode. However, this study only considers PD while ignoring 
the impact of radiobiological effect due to the dose per 
fraction. 
The slight differences found between techniques (3D-CRT, 
IMRT and VMAT) are due to the simple case chosen (in terms 
of target geometry). Nevertheless, the tendency shows 
higher values for VMAT and IMRT. Thus, further studies are 
desirable to extrapolate these results to complex cases.  
Neutron contributes in a small percentage to global PD, this 
becomes especially relevant if 15 MV represents only a part 
of the total treatment.  
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Purpose or Objective: The use of Cone-Beam computed 
Tomography (CBCT) is progressively increasing in 
radiotherapy treatments, but additional doses induced are 
not well quantified and could amplify the risk for patients to 
develop a second cancer. There is a need, expressed by the 
medical physics community, to develop tools to estimate, 
report and potentially help reducing CBCT doses. We hence 
developed a Monte Carlo (MC) model for the XVI kV-CBCT 
system. The dosimetric and geometric accuracy of the 
simulated beams was evaluated by comparisons with 
measurements in a water tank, and x-ray energy spectra 
acquisitions. Before clinical use, the model requires an 
evaluation in anthropomorphic phantoms in which were 
inserted OSL NanoDots (Landauer). The purpose of the 
present study is to develop an accurate dosimetric protocol 
taking into account for OSL energy dependence in keV energy 
range.  
 
Material and Methods: A MC model of the XVI was developed 
using the PENELOPE code. The dosimetric and geometrical 
evaluation of the beam MC models was performed by 
comparing simulations with lateral and depth-dose profiles 
measured using a PTW Farmer-type chamber, and on-axis 
energy spectra measured with a CdTe detector. These 
comparisons were performed at 120, 100 and 80 kVp, and for 
different filtration/collimation couples. For OSL 
measurements, the first step was to perform, in different 
beam qualities, in-air cross-calibrations with a PTW Farmer-
type chamber. At this energy range, OSL exhibit strong 
energy dependence, so the signal needs to be corrected for 
the spectral variations between calibration and measurement 
conditions. Thus, to ensure accurate dose measurements, a 
correction method was developed using calculated spectra. 
The dosimetric protocol was validated by performing dose 
profiles with OSL inserted in a PMMA tube submerged in 
water. Preliminary comparisons with XVI model were made 
with acquisitions in a home-made heterogeneous phantom 
consisting of a water tank equipped with PMMA, bone and 
lung equivalent inserts. 
 
Results: Experimental and simulated lateral and depth-dose 
profiles, and energy spectra, are in excellent agreement (Fig 
1A).These results validate that the MC model accurately 
reproduces the dosimetric and geometric properties of the 
XVI beams. The uncorrected OSL profiles in the PMMA tube 
over-estimate by 15 % the calculated doses. However, energy 
corrected measurements are matching the simulations and 
the differences not exceed 7.5 % (Fig 1B and 1C). Table 1 
presents doses measured at different points in the 
heterogeneous phantom and discrepancies not exceed 11.3 %. 
 
 
 
 
Conclusion: The dosimetric protocol developed for OSL 
allows accurate measurements of imaging doses, and will be 
then used to validate the dose calculation tool in pre-clinical 
conditions. Preliminary results obtained in the home-made 
phantom highlight the accuracy of XVI MC model. Further 
validations are on-going in anthropomorphic phantoms. 
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Purpose or Objective: o evaluate an automatic registration 
of partial cone beam CT scan’s and full cone beam CT scan’s 
position errors, durations and doses for Breast Cancer 
 
Material and Methods: Before the IMRT treatment’s of breast 
cancer patients using Versa HD, five breast cancer patients 
were scanned in the same position with partial cone beam CT 
and a full cone beam CT in sequence. The patient position 
errors were determined using automatic registration methods 
in both cases. The full cone beam CT parameters 
corresponded to the default VolumeView “Chest M20” preset 
in XVI 4.5; 360 degree, 180 deg/min velocity, 120 kV, 660 
frames, 1056mAs and nominal scan dose of 22mGy. Partial 
cone beam CT parameters were set by us, we choosed S20 
filter instead of M20 filter and for right breast; gantry angle 
was CW direction from 180° to 10°, for left breast; gantry 
angle was CW direction from 300° to 130°, 180deg/min 
velocity, 100 kV, 366 frames, 585.6mAs. Both cone beam CT 
scans were performed in sequence for five patients and 
position errors in 3 diemensions recorded using automatic 
registration method with for rotational bone value 
registration, gray value registration and rotational gray value 
registration. 
 
Results: We compared partial cone beam CT scan’s position 
errors with full cone beam CT scan’s position errors. Firstly, 
we found an average difference of 1,46mm in lateral 
direction, 1.80mm in longitudinal direction and 1.96mm in 
vertical direction difference for bone value rotational 
automatic registration. Secondly, we determined an average 
1,24mm in lateral direction, 1,36mm in longitudinal 
direction, 1,30mm in vertical direction difference for gray 
value rotational automatic registration. Thirdly, we 
determined an average 1,56mm in lateral direction, 1,88mm 
in longitudinal direction, 1,52mm in vertical direction 
difference for gray value automatic registration.  
 
Conclusion: Most probably these differences are resulting 
from time difference between two cone beam CT scans and 
also it could be related with patient’s breathing phase during 
scanning. Altough the partial cone beam CT scan’s image 
quality were worde than with full cone beam CT scan the 
automatic registration parameter’s difference were below 
2,0mm in 3 dimensions. When we measured radiation at the 
isocentre point using cylindrical ion chamber wih 30 cm x 30 
cm solid phantom for both cone beam CT tecniques, radiation 
dose decreased % 55±5 with partial cone beam CT scan. 
Additionally, Cone beam CT scan’s duration decreased %40 
with partial cone beam CT scan. 
 
EP-1616  
Secondary cancer induction of VMAT technique in breast 
irradiation: organ equivalent dose estimation 
G. Guidi
1Az.Ospedaliero-Universitaria di Modena, Medical Physics, 
Modena, Italy 
1,2, N. Maffei1,2, F. Itta2, E. D'angelo3, B. Meduri3, P. 
Ceroni1, G. Mistretta1, A. Ciarmatori1,2, G. Gottardi1, P. 
Giacobazzi3, T. Costi1 
2University of Bologna, Physics and Astronomy, Bologna, Italy 
3Az.Ospedaliero-Universitaria di Modena, Radiation 
Oncology, Modena, Italy 
 
Purpose or Objective: Secondary cancer induction is a 
severe effect of Radiation Therapy (RT) treatments. 
Volumetric Arc Therapy (VMAT) techniques delivery dose 
distribution with a significant area and organs involved of low 
dose. We have evaluated, from the dosimetric data of 
patients treated using VMAT practice, the risk for 
contralateral breast and lung secondary tumor, estimating 
the Organ Equivalent Dose (OED). 
 
Material and Methods: 30 patients, treated with VMAT 
techniques for breast cancer, were analyzed using the dose 
distribution. Based on the anatomical side of treatment (right 
and left side), the cohort was divided in two groups of 
treatment. We have calculated the OED of ipsilateral and 
contralateral organs, relatively to the breast and lung 
tissues. Using the bell shaped model formula, we obtained 
the OED from the dose volume histogram (DVH) of each 
organ. Using a MATLAB® toolbox (DVH analyzer), the 
estimation of the OED values for contralateral and ipsilateral 
organ was assessed. 
 
Results: The results, summarized in Figure1 and Table1, 
showed a mean ODE of +2,09±0,32Gy for contralateral lung, 
+1,94±0,32Gy for ipsilateral lung and +2,55±0,61Gy for 
contralateral breast. An ANOVA analysis showed that the side 
of treatment (left or right) was irrelevant for OED estimation 
(sign.≈1), confirming the independence by the VMAT 
techniques applied. The study confirmed that contralateral 
organs are the major tissue involved in risk of the secondary 
cancer risk, in particular for the contralateral breast. The 
OED showed, per patients’ treated group, a variability of 
[2,1÷3,1] Gy for the right side and [2,2÷3,8] Gy for the left 
side. The OED for lung and contralateral lung had less 
variability in case of treatment. According with the radio 
sensitivity of the breast tissue, a special attention should be 
applied during the optimization and treatment to avoid 
possible variability in inducted cancer risks. 
 
 
 
 
Conclusion: The ODE data and bell shaped model, obtained 
from the DVH curves, can be used for the prediction of 
radiation secondary cancer induction. The OED values 
obtained showed the low risk of secondary cancer induction 
of the VMAT techniques compared with other literature data. 
Most uncertainties still remain related the time patterns of 
cancer induction and the specific dependencies to the organs 
rates. For RT plan optimization these factors are irrelevant; 
therefore, to endorse the safety distribution obtained by 
VMAT techniques, mathematical models obtained by the DVH 
and OED should be investigated with epidemiological absolute 
risk data of large patients’ database.  
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